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Standfirst sentence: Thirteen pharmaceutical companies have shared and integrated
preclinical and clinical data for creating computational resources that enhances translational
drug safety assessment

Drug discovery and development is a knowledge intensive process and, consequently, it
benefits from advances in data science and technologies, such as automated data curation,
data integration and artificial intelligence. Particularly, data sharing beyond the boundaries
of each pharmaceutical company offers interesting opportunities for accelerating and
improving drug discovery and development. However, balancing collaboration and



confidentiality remains a complex challenge for the industry. Given that drug safety does not
constitute the main playground for the competition between pharmaceutical companies,
this is a domain in which it is more feasible to develop collaborative projects. Legacy drug
safety data may be shared among companies with the aim of improving drug safety
assessment. Significant steps forward in this direction were carried out by the eTOX project
focused on pre-clinical toxicological data sharing, which was carried out from 2010 to 2017
(http://www.etoxproject.eu) (1). More recently, the eTRANSAFE project addressing
translational drug safety assessment through integrative knowledge management, has been
running from 2017 to 2023 (https://etransafe.eu/) (2). Both projects are part of the
Innovative Medicines Initiative (IMI) funded by the European Commission and the European
Federation of Pharmaceutical Industries and Associations (EFPIA).

Achievements of the eTRANSAFE initiative

Although both eTOX and eTRANSAFE were grounded on the potential of legacy data sharing
in drug safety assessment, eTRANSAFE incorporates substantial advancements in
comparison to the eTOX project. While only aggregated data were shared in eTOX, repeated
dose toxicology (RDT) studies at the individual animal level of detail have been shared in
eTRANSAFE. These RDT data are coded in the CDISC Standard for Exchange of Nonclinical
Data (SEND) and they are electronically extracted from the LIMS systems of the
pharmaceutical companies, avoiding human transcription errors. Almost 10,000 RDT studies,
not available anywhere, have been shared by the pharmaceutical companies in eTRANSAFE.
Non-SEND historical data, like those previously shared in eTOX, have been mapped to SEND
to maximise standardized RDT data available in eTRANSAFE. Another advancement in
comparison to eTOX has been the extraction of treatment-related findings from the free-text
RDT study reports by means of a natural language processing tool developed in the project,
as well as a SEND-adapted ‘Study Report (SR) Domain Template & Editor’ created for
incorporating this information into the eTRANSAFE preclinical database. Moreover,
pharmaceutical companies have also exchanged in vitro off-target safety pharmacology data
and pharmacovigilance data extracted from periodic safety update reports (PSURs), which
have been used to create new legacy databases. Currently, eTRANSAFE integrates
information from 12 databases (DB) that contain proprietary and publicly available data
generated in preclinical and clinical research (eTRANSAFE preclinical DB, eTOX DB, off-target
pharmacology DB, ChEMBL, DB of drugs withdrawn due to safety concerns, DB of drug
adversities extracted from clinicaltrials.gov (3), DB of biomarkers extracted by text mining
from clinicaltrials.gov, DailyMed, DB on drug adverse events from publications in Medline,
FAERS, FDA DlLIrank, and PSUR DB). The inclusion of clinical databases allowed significant
opportunities for translational analysis, i.e., investigating the concordance between the
results obtained in preclinical studies and the safety observations in clinical studies. The
project has also developed new tools for exploring knowledge about the molecular basis of
toxicological events (4).


http://www.etoxproject.eu/
https://etransafe.eu/

A modular platform for data integration and exploitation

The eTRANSAFE project has developed a modular software platform (ToxHub) that allows
the integrated exploration and exploitation of all the above-mentioned databases. ToxHub
incorporates a software tool for a universal and user-friendly incorporation of future new
databases, a computational service enabling preclinical-clinical semantic interoperability by
aligning the preclinical terminologies of SEND with the clinical vocabulary of MedDRA, a
chemistry service for identifying in an unambiguous way the structures of the drugs included
in the different databases by means of SMILES representations and InChl keys, and a
structural similarity service for expanding the queries with compounds showing structural
similarity or containing given substructures. ToxHub also incorporates advanced software for
data visualization (Sirona), finely tuned to support the needs of drug safety professionals, as
well as a computational platform (Flame) (5) designed for a user-friendly development,
documentation and use of predictive models based on machine learning algorithms.
Moreover, Flame incorporates functionalities for the development of ensemble models and
for the export of models without including any kind of information about the compounds of
the training set used. This constitutes a critical functionality to enable the cooperative model
building using non-sharable data. A collection of predictive models has already been
developed and made available in the ToxHub, including a series of predictive models of drug-
transporter interactions. Several software developments of eTRANSAFE are distributed as
open source.

Application and impact in pharmaceutical research

The ToxHub platform is already operational in many of the pharmaceutical companies
involved in eTRANSAFE, which are using the platform in their daily practice. Several use
cases have been performed to demonstrate how ToxHub improves our ability to carry out
preclinical vs. clinical drug safety contrasts, such as the comparative analysis of the skin
toxicity of kinase inhibitors.

Kinase inhibitors are one of the most important drug classes in cancer treatment, but their
inhibition of key processes of the cell cycle generates numerous adverse events, which are
sometimes dose-limiting or even life-threatening. Skin reactions represent one of the dose-
limiting toxicities of kinase inhibitors. Most of the adverse events are generally identified
during preclinical development in animal studies. However, systematic investigations on how
far these observations translate into serious adverse events and which animal species is the
most predictive for specific events are scarce. ToxHub allows to access preclinical data in
sufficient amount and granularity to perform powerful comparisons in both the preclinical
and clinical domains. In this use case, preclinical data was searched in ToxHub for skin
findings reported with kinase inhibitors. Preclinical data for more than one species was
found for gefitinib, imatinib, nilotinib and vandetanib. In a second step, the Clinical Trials and
the FAERS databases integrated into the ToxHub were searched for clinical skin-related
findings in these four kinase inhibitors. Nilotinib had only few entries regarding severe skin
reactions in Clinical Trials and no entries in FAERS, whereas gefitinib, imatinib and



vandetanib had various entries of severe skin findings such as ulcer and dermatitis. The
comparison of the preclinical and the clinical results indicated that in this case, rat was the
most sensitive species to detect severe skin findings, such as atrophy and ulcer also
occurring clinically with gefitinib and imatinib, whereas non-human primates were evidently
less sensitive. This higher concordance of rat compared to monkey regarding skin reactions
of kinase inhibitors is in accordance with an analysis previously performed for a wider range
of drugs (6).

In addition, eTRANSAFE has successfully prototyped a promising application, consisting in
the reuse of legacy control groups” data obtained in preclinical in vivo studies under GLP
conditions to develop Virtual Control Groups (7). These Virtual Control Groups could in time
substitute part of the animals currently used in experimental control groups, significantly
helping to reduce the number of animals used in preclinical safety assessment, in line with
the 3Rs policies (Replacement, Reduction and Refinement).

In conclusion, the integration of preclinical and clinical data combined with a computational
toolbox customized to the needs of pharmaceutical safety experts, enables efficient data
retrieval and translational analysis, and exemplifies how modern data science can increase
comprehensiveness, accuracy, and speed in assessing safety issues during drug
development.
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